Introduction
Polycystic Ovary Syndrome (PCOS) is the most abundant endocrine disorder in females of reproductive age and one of the main causes of infertility with a prevalence of 9-18 % worldwide (1) . Reports state that PCOS constitutes a major health issue in Egyptian females (2, 3) . According to the Rotterdam consensus in 2003, PCOS can be diagnosed by the occurrence of two of the following criteria: Oligoand/or anovulation, clinical and/or biochemical features of hyperandrogenism, and polycystic ovaries on performing ultrasound investigations (4) . In addition to infertility, PCOS is associated with several metabolic disorders such as obesity (5) , insulin resistance (IR) (6) , dyslipidemia (7) , increased levels of inflammatory markers, with consequent increased risk of developing Type 2 diabetes and cardiovascular disorders among other serious disorders (7) (8) (9) .
Meanwhile, asthma is a complex and chronic in ammatory disorder of the airways with local and systemic in ammation. It is characterized by a T helper cell 2 (Th2)-immune response, resulting in increased total immunoglobulin E (IgE), eosinophilia, elevated cytokines, interleukins (IL-4, -5, -13, - [17] [18] [19] [20] [21] [22] , tumor necrosis factor-alpha (TNF-a) and elevated CRP levels (10, 11) .
Multiple factors contribute to the pathology and severity of asthma attacks, including allergenic inhalation, environmental and immunological factors among others (12, 13) . Treating asthma depends on both environmental control and strict medication that may be difficult to achieve. Consequently, asthma remains to be a chronic, recurrent health problem which requires better management and preventive protocols.
Recent studies are pointing out the higher prevalence of asthma in PCOS patients compared to normal females (14) (15) (16) , which increases the need to study the common findings of both PCOS and asthma and explore the factors that contribute to such prevalence.
Obesity has been linked to both PCOS and asthma, whereas abnormal lipid profile is a well-known characteristic of PCOS patients (17) . High levels of triacylglycerols (TAG), total cholesterol (TC) and LDLcholesterol (LDL-C), lower HDL-cholesterol (HDL-C) together with elevated body mass index (BMI) are continuously reported in PCOS cases as compared to healthy matches (18, 19) . Moreover, epidemiological studies have linked the presence of obesity and asthma (20) (21) (22) . However, to date, no previous data was available about asthma in Egyptian PCOS patients and the effect of BMI and dyslipidemia on this relation.
In addition to obesity and dyslipidemia, nearly 67-85% of the PCOS patients are reported to suffer from 25 (OH) vitamin D deficiency, where Vitamin D is a crucial physiological player in follicular development, sensitivity to follicular stimulating hormone and Anti-Müllerian hormone (AMH) signalling (23) . Further more, multiple studies have investigated the possible link between 25 (OH) vitamin D deficiency and asthma (24) . However, no sufficient data is available whether 25 (OH) vitamin D level can play a role in asthma development within PCOS patients. In line with the documented inflammatory nature of asthma, PCOS is also reported to be accompanied by an inflammatory condition, where increased levels of cytokines, IL-18, CRP, IL-6 and its receptor gene have lately been linked to the pathogenesis of both disorders (8, 11 ). Yet again, limited data is available about the inflammatory markers in asthmatic PCOS patients.
To date and the best of our knowledge, there are very few community-based studies that explored the relationship between asthma and PCOS (14, 15) . Furthermore, no previous study investigated the coprevalence of asthma and PCOS in the Egyptian population, nor it studied the findings and biochemical parameters of both diseases.
Taking these facts into consideration, in this cross-sectional study, we aimed firstly to explore the with no significant difference between them. Asthmatic PCOS showed significantly higher testosterone and dyslipidemia profile. Multivariate regression revealed that BMI and CRP could predict asthma development within PCOS (OR=1.104, C.I 1.004-1.2 and OR=1, C.I. 1-1.02), respectively. Receiver operating characteristic (ROC) curve showed that BMI and CRP at a cutoff value 28.5 kg/m 2 and 117.6 nmol/L respectively could differentiate between asthmatic and non-asthmatic PCOS with sensitivity 63.8 % and specificity 62% for BMI, and sensitivity and specificity of 66% for CRP. Conclusions: This study shows that BMI and CRP are predictors of asthma development in Egyptian PCOS.
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Materials and Methods

Study population
The present cross-sectional study included 3 main groups. Second, Group 2 comprised 30 apparently healthy females aged from 21 to 29 set as the control group. All control females were healthy and had regular cycles ranging from 25 to 35 days and had neither ovarian gynecological disorders nor endocrinal abnormalities. In addition, they were not suffering from bronchial asthma or allergic rhinitis. Third, Group 3 included 60 female asthmatic patients of matched age (22) (23) (24) (25) (26) (27) (28) were set as asthmatics group. Group 2 and 3 were collectively called non-PCOS group (N=90). All subjects were recruited from the outpatient clinics of Al-Azhar University Teaching Hospitals all over Egypt. Subjects having Cushing's syndrome, androgen-secreting tumors, congenital adrenal hyperplasia, diabetes, immunological diseases, any form of malignancy and hyperprolactinemia were excluded from the study. No cases included in the study were smokers nor received oral contraceptive drugs. All subjects had stable body weight for at least 3 months. The study was performed after obtaining informed consent from all subjects and the approval of the ethics committee and the Review Board at Al-Azhar University, Cairo, Egypt in accordance with The Code of Ethics of the Declaration of Helsinki.
Laboratory Procedure
In the present investigation, all blood samples were taken at a specified day of the menstrual cycle. Weight and height were measured on the same day of blood sampling and used to calculate BMI. Sera were separated, and samples were stored at -80 °C until the time of analysis. Serum total testosterone was measured by immunoassay (Architect 2nd Generation, Abbott Diagnostics, and USA). 25 (OH) vitamin D was measured using DRG 25 (OH) vitamin D (total) ELISA (DRG Instruments GmbH, Germany). Serum IL-6 was measured using Human Interleukin 6 (IL-6) ELISA Kit (My BioSource, USA). Total IgE was measured using The Elecsys IgE II immunoassay (Roche Diagnostics, USA). CRP levels were measured using Tina-quant C-reactive protein Gen.3 (Roche Diagnostics, USA). TAG, TC and HDL-C were determined using enzymatic spectrophotometric assay (Diamond Diagnostics, D-P international, Egypt). LDL-C was calculated from TAG and HDL-C values using the Friedewald's formula (26):
Statistical analysis
In the current investigation, differences in variables between different groups of the study population were assessed using the Mann-Whitney test. Continuous data were presented as a median and interquartile range. Categorical data were presented as percentages. Multivariable regression analysis was done to detect the presence of possible predictors of asthma within the PCOS group. Factors included in the model were selected based on identifying the measured clinical variables of possible prognostic importance for the outcome in question (Asthma). To explore the ability of the selected markers measured to differentiate between asthmatic and non-asthmatic patients in the PCOS group, Receiver operating characteristic (ROC) curve was used. The area under the curve (AUC) was calculated. The yield values were from 0.5 (no predictive power) to 1.0 (perfect prediction). The optimal cut-off was determined using Yoden's Index: maximum [sensitivity -(1-specificity)] (27) . For all data, a P value of <0.05 (two-tailed) was considered significant. All statistical analyses were performed using the SPSS package (version 23 for Windows; SPSS Inc., Chicago, IL, USA).
Results
Comparing different variables in PCOS and asthmatic groups vs control
In the present investigation, both PCOS (Group 1) and asthmatic (Group 3) groups showed significantly higher BMI, TC, LDL-C and higher inflammato- ry markers as IgE, IL-6 and CRP levels (P <0.001) and lower 25 (OH) vitamin D levels (P<0.001) compared to controls (Group 2). On the other hand, only the PCOS group (Group 1) showed significantly higher total testosterone levels (P<0.001) and lower HDL-C (P<0.001) compared to controls (Group 2). In contrast, there was no significant difference in age, and TAG levels compared to controls (Group 2) as shown in (Table I) .
Comparing different variables in the PCOS group vs non-PCOS cohort
We investigated the difference in the detected physical and biochemical parameters between PCOS patients and the non-PCOS cohort which included both healthy controls and asthmatic patients (Groups 2 & 3 collectively) (N=90). PCOS patients (Group 1) showed significantly higher total testosterone, TC and LDL-C levels (P<0.001) and lower 25 (OH) vitamin D levels as compared to the non-PCOS cohort. On the other hand, there was no significant difference in age, BMI and TAG levels between both cohorts as shown in (Table II) . 
Comparing different variables in asthmatic PCOS vs non-asthmatic PCOS
Within the PCOS group, asthmatic PCOS patients showed significantly higher IgE level (P<0.001), BMI (P=0.003) and CRP level (P<0.001) compared to the non-asthmatic PCOS patients. Meanwhile, there was no significant difference between both groups concerning total testosterone, 25 (OH) vitamin D levels and lipid profile parameters. Detailed data are shown in (Table III) .
Comparing different variables in asthmatic PCOS vs asthmatic patients
In the present investigation, asthmatic PCOS patients (Subgroup 1) showed significantly higher total testosterone level (P<0.001), TC and LDL-C levels (P<0.001) as compared to asthmatic patients (Group 3). On the other hand, there was no significant difference between the two groups concerning BMI, vitamin D, HDL-C and TAG levels. Both asthmatic PCOS and asthmatic patients shared a common increase in BMI, IgE, IL-6 and CRP levels with no significant difference between the two groups as shown in (Table III) .
Multivariable regression analysis
Within the PCOS group (Group 1), it was found that asthmatic patients (Subgroup 1) had significantly higher BMI, IgE and CRP levels (P<0.05) as compared to non-asthmatic PCOS patients (Subgroup 2). For further exploration for these variables as possible predictors of asthma in PCOS patients, multivariable regression analysis was done. Moreover, factors exhibiting P<0.1 were also included in the model (25 (OH) vitamin D and total testosterone). As IgE was already used as a diagnostic factor for asthma in combination with clinical symptoms, it was not included in the multivariable regression analysis.
Results showed that the significant relationship between BMI, CRP levels and asthma was maintained in the multivariable regression analysis. Both BMI and CRP were significant predictors of asthma within the PCOS group (OR=1.104, C.I 1.004-1.2 and OR=1, C.I. 1-1.02), respectively as shown in (Table III) . .003), the optimal cutoff value for BMI is 28.5 kg/m2 with sensitivity 63.8 % and specificity 62%, whereas the optimal cutoff value of CRP level is 117.6 nmol/L with sensitivity and specificity 66% at (AUC= 0.69, P=0.001.)
Receiver operating characteristic curve
To further explore the potential of BMI and CRP to differentiate between asthmatic (Subgroup 1) and non-asthmatic PCOS (Subgroup 2) patients, the ROC curve was done on all 100 patients in Group 1. ROC curve showed that both BMI and CRP has a diagnostic ability to detect asthma in PCOS patients with an area under the curve (AUC=0.67 and 0.69, P value=0.003, 0.001) respectively. A cutoff value of BMI 28.5 kg/m 2 can detect asthma with a sensitivity of 63.8 % and specificity 62%, whereas a cutoff value of CRP 117.6 nmol/L can detect asthma within PCOS group with sensitivity and specificity 66% as illustrated in Figure (1) .
Discussion
Up to date, there have been no communitybased studies that investigated the association between PCOS and asthma, especially in relation to the common findings of both disorders. Hence, in this study, we aimed to explore the common biomarkers of PCOS and asthma in Egyptian PCOS patients, and we investigated the possible potential of these factors as predictors for asthma development.
We examined the BMI and a panel of metabolic, hormonal and inflammatory markers in PCOS patients versus age-matched healthy controls and asthmatic female patients.
Upon comparing PCOS patients to non-PCOS cases, we found that PCOS patients had significantly higher total testosterone, higher TC, and LDL-C together with significantly low levels of 25 (OH) vitamin D. The same profile was maintained upon comparing asthmatic PCOS patients to asthmatic patients with no PCOS. Such results are in accordance with previous studies (3, 17, 28) and they confirm the main findings of PCOS, where dyslipidemia is highly prevalent in PCOS even in lean females mostly due to insulin resistance (29) . Whereas vitamin D deficiency has also been reported in PCOS patients (30), contributing to their disturbed metabolic profile.
On examining the findings of both disorders, we found that both PCOS and asthmatic patients had significantly higher BMI, TC, and LDL-C as compared to healthy controls. This goes in agreement with previous studies that link PCOS and asthma to obesity and associated dyslipidemia, where both PCOS and asthma are reported to worsen by obesity and improve by weight loss (17, 31, 32) .
Our findings also showed that both PCOS and asthmatic patients suffered from significantly low levels of 25 (OH) vitamin D as compared to controls. Decreased levels of 25 (OH) vitamin D have been linked to increased risk of asthma attacks in asthmatic patients (23, 24, 28) . Additionally, Vitamin D deficiency is known to be highly prevalent in PCOS patients (67-85%), where the deficiency is especially reported to worsen the symptoms of PCOS (29) , including menstrual irregularities, cardiac disorders (33) , obesity (34, 35) and deteriorating metabolic phenotype (36) .
Concerning the inflammatory markers, asthmatic patients showed significantly higher inflammatory markers levels against healthy controls. Similarly, PCOS patients had significantly higher IL-6, CRP and IgE levels as compared to controls. However, the asthmatic group expectedly showed higher inflammatory marker levels in comparison with the PCOS group. PCOS is associated with low-grade systemic in ammation which elevates biomarkers such as CRP, IL-18, monocyte chemoattractant protein-1, and leucocytes (37), especially when accompanied by obesity (38) (39) (40) . Moreover, the increased levels of IL-6 and its receptor gene have lately been linked to the pathogenesis of PCOS and asthma, with recommendations for further investigations to explore the clinical significance of IL-6 in both disorders (40, 41) .
To get more understanding of asthma development and prevalence in PCOS patients, we classified PCOS patients in our study to asthmatic and nonasthmatic PCOS subgroups and analyzed their BMI, metabolic, hormonal and inflammatory profiles. Within the PCOS group, 47 out of 100 PCOS patients (47%) developed asthma. This finding confirms our hypothesis and agrees with previous reports that show a high prevalence of asthma within PCOS patients in different populations (22) . Glintborg and colleagues (14) reported the elevated prevalence of asthma and higher use of asthma drugs (19.2% vs 14.1%; p<0.001) in PCOS females against non-PCOS females in the Danish population. Similarly, a retrospective study in Australian women with and without PCOS showed that PCOS women were more frequently hospitalized for asthma as compared to non-PCOS females (10.6% vs 4.5%, p<0.001) (15) . Both the Danish and Australian studies did not report detailed data on the BMI or metabolic profiles of the recruited cases. Here, it is worth mentioning that to the best of our knowledge, our study is the first report to assess asthmatic and non-asthmatic PCOS patients concerning their metabolic, hormonal and inflammatory markers.
Within the PCOS group, we found that asthmatic PCOS patients had significantly higher BMI, IgE and CRP levels as compared to the non-asthmatic PCOS patients whereas no significant difference appeared between the two subgroups in terms of the measured hormonal or lipid profile. This correlates with the fact that IgE is one of the characteristic biological markers of asthma (42) and sheds more light on the probable role of CRP in the pathogenesis of asthma.
Furthermore, upon comparing asthmatic PCOS patients to asthmatic patients with no PCOS, we found that both populations shared high BMI, inflammatory markers levels and low 25 (OH) vitamin D level with no significant difference between them, which support the assumption that some or all of these factors contribute to asthma development. In accordance, it is documented that asthmatic women have a trend of higher BMI in PCOS and non-PCOS cases (20, 21) . Thaw et al. (22) showed that asthmatic PCOS patients had a trend for a higher BMI compared with non-asthmatic PCOS patients (29.9±0.9 versus 27.7±0.4 kg/m 2 ). Moreover, recent studies relate obesity to a higher incidence of asthma even after exclusion of smoking and chronic obstructive pulmonary disease (COPD) cases (11, 22, 43) .
Whereas the mechanism linking obesity and asthma is still unclear, it can be attributed to the enhanced inflammation present in cases of obesity that may trigger airway inflammation (20, 21, 44) . Taking this into consideration, and since PCOS is widely characterized by obesity, we suggest that the elevated BMI and the accompanying inflammation (represented here in high CRP, IgE and IL-6) in PCOS cases may contribute further to airway inflammation and consequent high incidence of asthma in PCOS females.
To explore how far these factors can actually affect asthma development within the PCOS population, multivariable regression was performed, and it confirmed the ability of both elevated BMI and CRP levels to act as predictors of asthma development within PCOS patients (OR=1.104, C.I 1.004-1.2 and OR=1, C.I. 1-1.02), respectively. Contrarily, none of the other parameters as testosterone level, vitamin D or IL-6 showed a prognostic ability to predict asthma among PCOS patients. These results are in agreement with our hypothesis that obesity in PCOS might provoke mild inflammation that can furtherly increase air passage inflammation and asthma incidence. Meanwhile, the inability of disturbed vitamin D and IL-6 levels to predict asthma among PCOS patients needs to be confirmed with studies on different populations.
In order to determine the optimal cutoff values, ROC curve for both BMI and CRP level within PCOS patients showed that BMI higher than 28.5 kg/m 2 can differentiate between asthmatic and non-asthmatic PCOS patients with a sensitivity and specificity of 63.8% and 62%, while CRP of higher than 117.6 nmol/L can differentiate asthmatic and non-asthmatic PCOS with both sensitivity and specificity of 66%. Even though poor accuracy of these parameters remains to be a limitation, yet the proved prognostic ability of BMI and CRP level can present an aiding tool for better management of asthma within PCOS patients, and can be further confirmed or improved with more studies on larger populations.
There is an increasing demand for precision medicine and management of heavy burden diseases as asthma. Consequently, studies for strategic prevention or earlier control of asthma are highly required, especially in complicated cases like PCOS. This study presents a better understanding of the prevalence and common findings of asthma within Egyptian PCOS where elevated BMI and CRP levels showed their ability to predict asthma development among PCOS patients.
The limitations in this study were the relatively small population and the inability to monitor the patients on the long term to examine the effect of controlling BMI and CRP changes. Further larger population studies, with trials to control these two parameters among other characteristics are encouraged, in the hope of better management of asthma occurrence or severity of attacks within PCOS patients.
